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» Environmental Epidemiology Basics

&+ Environmental Epidemiology in Risk Assessment and Regulatory

Decision Making

I. Hazard Identification
2. Exposure Assessment
3. Dose-Response Assessment
4. Risk Characterization
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Environmental Epidemiology
Basics
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“Epidemiology is the study of how disease is distributed in populations and the factors
that influence or determine this distribution” (Gordis, 2009)

Asking: Do certain exposures {(or behaviors/genetics etc.) influence certain health
outcomes or endpoints? Is exposure associated with the health outcome?

Epidemiologic “black box”

Exposure

Black Box

QOutcome
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* Observational Study Designs (general considerations)

— Cross-sectional study: Basically, a survey. This type of study provides a
“snapshot” of the health status of a population at a specific point in time

— Cohort study: Study population selected based on an exposure of interest
and followed in (days, months, years) to see who among them develops
disease/health outcome

— Case-control study: Study population selected according to whether they
have disease/health outcome of interest. One group of people (case-
subjects) have the health problem and one group does not (controls).These
groups are then compared to determine the presence of specific exposures
or risk factors.
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Incidence = # of new
cases/ Population at Risk

Prevalence = # of existing
cases/ Population at Risk

Common Epidemiology
Stats Terms

— Risle # subjects
developing disease
/total number of
subjects followed

— Probability: # times
something happens/ #
times if COULD
happen

— Odds: # times
something happens/ #
times it DOES NOT
happen

neidernce
{roaer Cases)

Peevabonde FRCrenses &5
incident cases.aee added

Provalenee decrsimes o3
casey div or recousr

Noordzij et al 2010
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Drescoriptive measures and measures of
association

Standard 2x2 Table:

Exposed a

Unexposed ¢

Total atc

Risk of disease among exposed= a/a+b
Risk of disease among unexposed= c/c+d

Relative Risk= (a/a+b)/(c/c+d)

b a+b
d c+d
b+d N

Odds of exposure among diseased (cases) = a/c

Odds of exposure among those with no disease (controls) = b/d

Odds Ratio= (a/c)/(b/d)=ad/bc

When incidence of disease >10% OR no longer approximates RR
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&

*  Can conflate results

&

Alvobod use

Exposine

Associated with both exposure and health outcome

“control” for confounders using statistical modelling

lles and Barrett, 2011

LAy cannes
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Specifically examines exposures from the environment

— Air pollution o

+ Particulate matter, ozone
— Water pollution
¢ Chemical, microbial
— Soil exposure
* Lead
Focused on all health outcomes

Subclinical symptoms (lung function)

Acute symptoms (Diarrheal/vomiting)

Chronic conditions/symptoms (asthma, COPD)

Mortality
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onsiderations

Chance, bias, confounding?

]

Overall study design
— What kind of study design was used?
— What is the sample size?
Exposure characterization

— What are the comparison groups?
Outcome

— How were ocutcomes measured?

— How likely were non-differential and differential
misclassification?

— Woas follow-up sufficient?

Analysis

&

— Were relevant confounders assessed properly?
— Did exposure precede disease?

ED_012964_00018003-00012
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In many cases epidemiology data or results can be useful for:

— Informing risk assessment
— Regulatory decision making

Sometimes a single study or a small subset of studies can be used for
establishing non-enforceable standards (typically)

%

Other more complicated exposures or enforceable standards may
require the synthesis of several types of studies including
epidemiology and toxicology studies

EPA and epidemiology

— Mission is to protect public health and the environment
— Conducts risk assessments
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Mission:“To provide the science needed to understand the complex
interrelationship between people and nature in support of assessments and
policy to protect human health and ecological integrity”

CPHEA:

¥ Conducts toxicological, clinical, epidemiological, ecological, and citizen science studies

* To assess impact of environmental exposures/chemicals/stressors on individuals,
populations, and ecosystems

#  Develops human health and environmental assessments

*  To support EPA program and region policies and decisions
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Risk assessment:

Qualitative and quantitative evaluation of the risk posed to
human health and/or the environment by the actual or
potential presence and/or use of specific pollutants

From EPA’s “Terms of Environment” Glossary
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Risk assessment is the evaluation of scientific information on:

— the hazardous properties of environmental agents,
— the dose-response relationship, and
— the extent of human exposure to those agents.

The product of the risk assessment is a statement regarding the probability that
populations or individuals so exposed will be harmed and to what degree.

From EPA’s Glossary of IRIS Terms

The 4 Step Risk Assessment Process

o b Lharach

T §Weha s the s,

Erssaitin grodd Eiic]
s popabatiored
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1970: EPA established

1975: First EPA chemical assessment (vinyl chloride)

National Research Council (NRC) publications on risk assessment

1983: Managing the Process - the “Red Book”
1989: Improving Risk Communication

1994: Science and Judgment - the “Blue Book”
1996: Understanding Risk

2007: Toxicity Testing in the 2 Century

2008: Phthalates and Cumulative Risk Assessment
2009: Science and Decisions - the “Silver Book”
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Evidence from Epidermniologic Studies

Results from epidemiologic studies can be used in two ways to
support risk assessment and regulatory decision making:

prd

assessment; and

2. Quantitatively, to inform hazard identification, exposure assessment,
dose-response relationship and/or the health impact (burden)

component of risk assessment

» Qualitatively, to inform the hazard identification aspect of risk

ED_012964_00018003-00021



Hazard ID

Dose
Response

Exposure
Assessment

C| Burns et al 2019

Confirm outcome

Include information
on shape of curve

Describe source-to-
intake pathways

Confirm exposure

Evaluate
concordance with
previous results

Describe
complete
exposure data

Report methods fully
and transparently

Describe
direction/magnitude
of error

Describe
direction/magnitude
of error
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Hazard Identification
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entilication

“the process of determining whether exposure to a stressor can cause an
increase in the incidence of specific adverse health effects (e.g., cancer,
birth defects).

Key components:

— Toxicokinetics/toxicodynamics/dosimetry
Mode of action
* Based on physical, chemical, and biological information
Exposure assessment
— Epidemiology, animal toxicology, human clinical
*  Weight-of-evidence Evaluation

— Conclusions regarding an exposure’s potential to cause adverse health
effects in humans

*  Together, epidemiologic, controlled human exposure, animal toxicological

and mechanistic studies provide valuable evidence to inform policy
makers as they make science-based regulatory decisions

Saurce: htepsi/iwww.epa.gov/risidoanductingshuman:health=risk-agsessment

The evaluation of health evidence that can be used to inform regulatory policy can come from epidemiologic, animal
toxicological and controlled human exposure studies. In an ideal scenario, you would have substantial evidence bases from all
three scientific disciplines. Experimental studies (these are the animal toxicological studies and the controlled human exposure
studies) are useful in distinguishing the independent effect of a chemical or pollutant from an effect that could be due to a co-
occurring pollutant or chemical or other potential confounding factors.

On the other hand, observational epidemiologic studies provide information on effects occurring at real-world or ambient
concentrations, and may include a range of individuals with different ages and health status who might be at greatest risk.
Epidemiologic studies are also able to evaluate certain health outcomes, ED visits for example, that can’t be measured in
experimental studies.
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Hazard 1D Inteprated Sclence Assessment
s {1sA)

® Scientific foundation (hazard identification) for the review of
the National Ambient Air Quality Standards (NAAQS)

— Includes the evaluation of evidence spanning scientific
disciplines including atmospheric chemistry, exposure
science, epidemiclogy, animal toxicology, clinical science,
dosimetry, ecology

— Makes key sclence judgments regarding causality to support
subseqguent policy documents

¢ Comprehensive review, synthesis, and evaluation of the most
policy-relevant science.

&

Reference key information and evaluate new policy relevant
science published since last review
* ldentifies quantitative relationships:

* concentration-, exposure- or dose-response relationships

+ exposure conditions (exposure, duration and pattern) that are
important

. il

More on ISAs and the regulatory process from Jason Sacks at EPA next week
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“rocess

Plannin
. Call for Information, Public Workshop, Integrated
| Review Plan (IRP)

B A S

Assessment ,
Integrated Science Assessment (ISA), Policy
Assessment (PA)

Rulemaking
Agency decision making, interagency review
and public comments process

. il

Clean Air Act: Requires periodic (every 5 years) review of science in which NAAQS are based on
Six criteria pollutants: Particulate matter, ozone, lead, CO, NO2, SO2
Very ambitious time-line
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Pollutant
[links to historical Primary/ |Averaging Level Form
tables of NAAQS Secondary |Time
reviews]
Carbon Monoxide | 8 hours 9 ppm
co primary 1h 35 Not to be exceeded more than once per year
ﬁ ) our ppm
primary and {Rolling 3 month 10.15 pug/m?®
Lead { Pb! secondary |average o Not to be exceeded
. 98th percentile of 1-hour daily maximum
Nitrogen Dioxide [Primary 1 hour 100 ppb concentrations, averaged over 3 years
LNWQ_?). primary and 1 year 53 ppb & {Annual Mean
— secondary
" i d 0.070 Al | fourth-highest dail i 8-h
E primary an . nnual fourth-highest daily maximum 8-hour
‘*

; Ozone 03)- secondary 8 hours ppm & concentration, averaged over 3 years
\\\\Q\‘“““““““‘\\”\“\\\ primary 1 year 12.0 pug/m® fannual mean, averaged over 3 years
Srticle kY PM secondary |1 year 15.0 pg/m? {annual mean, averaged over 3 years

— 2. .
Pollution primary and 24 hours 35 ug/m®  [98th percentile, averaged over 3 years
e secondary
PV i
L primary and 24 hours 150 pg/m? Not to be exceeded more than once per year on
s secondary average over 3 years
Sulfur Dioxide primary 1 hour 75 ppb & 9%th perce.ntlle of 1-hour daily maximum
e concentrations, averaged over 3 years
(SO;) secondary |3 hours 0.5 ppm Not to be exceeded more than once per year
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Example from the Lead
(Pb), 2013 ISA
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*  How does the collection of studies address chance, bias, and confounding as
explanations for the observed association between an exposure and a disease?

# Weight can be given to studies with greater validity and/or precision, but this may not
be straightforward.
— Precision and validity may be inversely related

*  Tools

— Chance

* Evaluate the patterns of associations across studies
— Bias

* Examine effect of study attributes

— For example, consider type of exposure assessment. Are stronger effects
seen with methods that have less non-differential misclassification?

— Confounding

* Could be evaluated and controlled for differently across studies

L
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Tuble #

Weigh o evidarce for causal determdnation.

Causal
relationship

... doses or exposures g
generally w/in 1-2
orders of magnitude

of recent
concentrations

Integrated Science
Assessments (ISAs)

Weight-of-Evide
Causal Determ

Source: Preamble to Integrated Science Assessm

ination

... chance,
confounding, and other |,
biases could be ruled o
out with reasonable
confidence

Likely to be a
causal
relationship

... multiple high-quality
studies by multiple
research groups

357

Suggestive,
but not
sufficient, to
infer a causal
relationship

nce for

s
when fre

Inadequate to
infer a causal
ents relationship

Not likely to
be a causal
relationship
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feausality Determinations from 2013 Pb 184
Mervous System Effects

Bodaniniduod Be 2316 pgidl Learning

Memory

B> inEpgd 8

Resdenie: blogd

Behavior

Resdenta: soshiual kbwwd Bh 5.7 pfdl Mood Disorders

Monbaysiblood  PhoOi% Motor Function

Wit binsod P 36 ug/dl

Neurodegeneration
Alzheimer’s-like Pathology

; mean Hia P X 11 pgle

Lhitetran: blood Ph quantiles 22 paddh
SAgults: rnean Mood P2 3 pgfél;

Children: bload P quantifes < 13 pgfst
s Adubis: rean blood Ph 8 pgidt

elustis: Blood Pl gussmiies ¥ 8 pgfels
snean thia #b 22 pgly

Visual Acuity
Auditory Acuity

Chifdrer: mean biood P 2 7 pgfdl
Adutts: mean patetta Pb 32 pgly

Neurogenesis
Long Term Potentiation
Synapses
Blood Brain Barrier
Brain architecture

=

Rederds blead  Pb 22pg/dl

Brain activity

<
h Hsfslts: mean blead M % 2.7 pgldl;
v tibia Ph quantite 19 rgis

HEoionuspidsy

Agrdts: mewn blood Ph
R |

& pgfal

Touicological

Affected Cell Types:
Neurons

Dendritic  Cells
Astrocytes
Glial Cells

Ressdanis: biood Bh 12220 pgiel.

Neurotransmitter Changes
Receptor Changes

Redents: Blond P 11 s/ €L r»::%

water cognitive

s with foveer affinity
dopamine raceptos {mean blood
Mo Blpgd i}

RAuedantsand Monheys: 25200 phd F Physiological Cations
Displacement

Oxidative Stress

L

Mervous System Effects (Causal]

Ll

First, I wanted to show this figure that demonstrates how epidemiologic and toxicological evidence are integrated qualitatively
to reach a causal determination. This is an example for how Pb causes nervous system effects. I'll note that this figure was not
included in the Pb ISA, but developed internally to help us synthesize and integrate the evidence. The pyramid in the middle
includes different neurclogical endpoints, with the least severe along the bottom and the most severe at the top. The ideais to
show where there is evidence for the progression of these different neurological endpoints due to Pb exposure. The evidence
from animal toxicological studies is in green on the left side of the pyramid and the epidemiologic evidence is in purple on the

right side of the pyramid.
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Summary of Causality
eterminations from 2013 Pb I8

Tabie 1-4  Summary of causal determinations for heatth and ecological effects.

Humman Health Ecolugical Becepiors
Cutome/Effect Causal Determination® Causal Determination®

Lty Datss Relationship: Neuwrsbehavions

A . airial ahd Froshwator
: ‘?TD saiat

v Reduced i

Causzt Felationship: §
imputsivity ardd Hypesacth

Taiss Relatianzhin: Hy
Lorohary Heas Disenss

Ranal Effads

wigne Efferts

Hensatolpgicat Causzl Feiation
Survivah s AR

¥ R
fwster rvenehnates

aborahi:

Causst Relationship: Developm 3
i nertelrales and et

Kate Rependuciive Functia Tales
Likely fo be @ covmal refalionadip KB

ED_012964_00018003-00032



Exposure Assessment
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Identifying the pathvways by which
toxicants may reach individuals,
estimating how much of a chemical an
individual is likely to be exposed to, and
estimating the number llely to be
EXPOSE (EPA'sTerms of Environment).

The determination or estimation
(qualitative or quantitative) of the
magnitude, frequency, or duration, and
rote of €XPOSUre (EPA’s Exposure Factors Handbook).
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pecifications

Exposure Medium and Route

— Inhalation- air

— Oral=- water, soil, food

— Dermal- soil, water, food, air
* Exposure Duration

— Acute
Short-term

— Longerterm
— Chronic

%

Potentially Exposed Populations

— Workers
— Emergency Responders or victims

— Pregnant women

Children or the elderly
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Dxample: Quantitatively estimating exposurs
to beach water

e SRR Ao jes

GRIGINAL ARTICLE
Child environmental exposures to water and sand at the beach:
Findings from studies of over 68,000 subjects at 12 beaches

Stephanie DeFioro-farker’, Benjamin £, Arnold?, Elizabeth A, Sams’, Alired P Dudour”. John M. Colford I, Steven B, Weisberg®,
Kenneth O Schii and Termathy 4 PWads!

s Based o vur Sl
gatd 258 pears semtlon

of 3¢ it {98th perceny

Used data from NEEAR studies (and other studies conducted in California) to estimate the time spent in the water and the
amount of water swallowed during water recreation

Integrating 2 unique sources of data:

Pooled epidemiology data on ~68,000 participants at 12 beaches in the US

Recently published in American Journal of Public Health (Arnold et al 2016)

Rate of water ingested while swimming in swimming pool

Recently published in Journal of Water and Health (Dufour et al 2017)

Using epidemiology data: Tabulate the frequency of certain behaviors at the beach among different age groups
Using both epidemiology and ingestion rate data: Estimate volume of water swallowed by age group and sex per event
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Epidemiology Data:Time (min) in the
water by age and sex

Tisne iy the Water by Gender and Ags Category

A4 Age 8-12:
Females: mean= 112.1, median=90.0, SD=81.7
Mal =114.2 dian=102.5, SD=80.0

Age 35 and oveti':
Freshwater: mejan: 55.3, median=30.0, SD=57.4
: Marine: mean=§7.4, median=60.0, SD=62.1

360

1004 |

1348 1434

Al Ags Undey {

. il

Using data from the epi studies:

Males generally spent more time in water compared to females
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Simulation Results:Volume (ml) of
water swallowed by age and sex

Smslated Yolume Swatlowed Par Swimming Event
=3 Ganﬂa

. Age 6-12:
Female: mean= 61.1, median=34.3, 90" =146.1
Male: mean=67.3, median=40.0, 90%=161.0

B0

=
n
&

Female: méan= 21.0, median=6.6, 90" =44.3

Age 35 and{ov&r:
Male: mean=42.9, median=12.7, 90" =90.0

Hot seves

Yoluns Swallowed

aﬂ(} E e

ad

Al Agé*s

D
{

b

fih]

1315 1524 A5

Age

L

Children swallow more water per swimming event compared to adults
Males swallow more water than females

Males tend to spend more time in water, and swallow more water per minute (Dufour et al 2017)
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Limiting exposure to toxic cvanchacteria

£% Uissites! Ssates Qffice of Watey EPA 21H-13601
“’ Eavironssental Mail Cade 43647 Stay 2019

Protection Agoney

* Results of study used in
quantitative assessment
to determine permissible
exposure concentrations
of microcystins and
cylindrospermopsin Recommended Human Health Recreational

* Provided important Ambient Water Quality Criteria or

“exposure’’ piece Swimming Advisories for Microcysting
and Cylindrospermopsin

* Quantitative Microbial Risk Assessment
*  Similar to chemical risk assessment, but takes into account the
infectivity of an organism and as well as its concentration in the
environment
+ Quantitative results of this study (estimated volume swallowed)
have been used extensively in QMRA’s to help estimate
concentration of microbes potentially exposed to

. il

Results used to help set recommended criteria for microsystins and clylindosperompsin (produced by a variety of toxigenic
cyanobacteria - AKA- blue-green algae)
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Dose-Response Assessment
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* Evaluating the guantitative relationship between dose and
toxicelogical responses. (EPA’sTerms of the Environment)

* A determination of the relationship between the magnitude of an
administered, applied, or internal dose and a specific biological
response.

* Response can be expressed as:

— Measured or observed incidence or change in level of response
— Percent response in groups of subjects (or populations)

— Probability of occurrence or change in level of response within a
population. (EPA’s IRIS Glossary)
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RID

Reference dose

Integrated Risk information System
(IRIS) values are:

RfC Developed to support hazard identification and dose-
Reference concentration rRSpPONSE a55essment.
CSF . . . .

Used to characterize public health risks of a given
Cancer slope factor substance in a given situation.
UR

Used to form the basis for risk-based decision-making,
regulatory activities, and other risk management
decisions.

Unit Risk

. il

IRIS includes EPA-derived guidelines for inhalation and oral routes of exposure.

IRIS values can be used in combination with exposure information to characterize the public health risks of a given substance in
a given situation

Risk characterizations can then form the basis for risk-based decision-making, regulatory activities, and other risk management
decisions designed to characterize and protect public health.

There are two general types of human health reference values in IRIS - noncancer and cancer.

For noncancer effects (or effects known or assumed to be produced through a nonlinear (possibly threshold) mode of action)
RfDs - Reference doses for oral exposure (ingestion)

RfCs - Reference concentrations for inhalation exposure

For cancer effects:

Cancer slope factors, sometimes called oral slope factors.

Oral and inhalation unit risks for carcinogenic effects.

For carcinogens, there also are descriptors that characterize the weight of evidence for human carcinogenicity in IRIS. Weight-
of-evidence is a system used by the EPA for characterizing the extent to which the available data support the hypothesis that an
agent causes cancer in humans.
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RIS Assesament
Dievaloperent Provsss

g Ruvine Aypesnmont

: Booping sl
Eany Step 1 - i . ) :
Rafesss RIS Assessrent } Probiem Fomgmim et :‘m‘“ ot
@ﬁm Hgereny Recdr
s indrysgerny

g} Eterngnriy Sobsmre
Longsdintion

Mid-Step 1~

Frirase Systenatic Revis

Protosis:

= How the gases
sdichag re

pashiic Coromant

Sitt
xort by

=8

2

S Post Fing
% Kgspaaroent
Fossiie

U.S. EPA Systematic Review Protocol for the PFBA, PFHxA,
PFHxS, PFNA, and PFDA (anionic and acid forms) IRIS
Assessments released January 2021
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IRIS: Integrated Risk Information System

— Online database provides qualitative and quantitative to help with
decision making
~ Fazard identification and dose-response assessment components

As of june 2007, 44 of the 545 chemical assessments were identified as

using human data to develop toxicity values (RfC, RfD, IUR, CSF) (Persad
and Cooper, 2007)

— Other assessments mostly relied on animal data
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#  Used human health (epidemiology) data to develop all toxicity values (example below)

Median exposare ALL
{npr; &by TWAY 3 2
Q452 {conirofy 44 19 &04
136 22 1803
919 22 13&03
HE
2 b
18 -
T4 .
£ oanl
- B BvD
il 1 3 3 4

Figure 1. Linear mede! of ALC data from Rotheman et al. (1996a).

Source: Tovicological review of Benzene {(Noncancer effects)

fransforaed suposure el

Transfonned
SXPUSESS
30198

* Developed by Rothman et al
* Epidemiologic
occupational inhalation
study.
» Chinese factory workers
*  Used to develop both
RfC and RfD

BMD: Benchmark Dose
BMDL: 95% lower confidence limit of BMD

ED_012964_00018003-00045



Risk Characterization
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nhavacterization

* The last phase of the risk assessment process that sstirmates the
potential for adverse health or ecological effects to occur from
exposure to a stressor and evaluates the uncertainty involved.

(EPA’s Terms of Environment)

* The integration of information on hazard, exposure, and dose-response
to provide an sstimate of the likelihood that any of the identified
adverse effects will occur in exposed people.

{EPA’s IRIS Glossary}
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Using Epidemiology in Benefits Analysis

S SN EEEEE N
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enefits of an

B

Answers the basic question:

— What are the health and economic
benefits of emissions controls and the Benefits and Costs of the U.S. Clean Air Act

associated improvements in air quality?

To compare benefits against the costs
of a policy

Benefits «——s
* Can help decide between different 152 tilfion}
policies

Can improve efficiency and

effectiveness
# Can help determine if a particular Costs
policy is “worth it” to society {565 billion}
Source;Section 812 Analysisiof the Benefits and Costs of the Clean AlrAct

Section 812 Analysis of the Benefits and Costs of the Clean Air Act

Costs are incurred by industries that are targeted for reductions in emissions of the NAAQS pollutants.

The actual setting of the standard does not allow for the consideration of costs. Costs are only considered in developing
control strategies during the implementation process.
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How does BEPS esthmate the health and economic
impacts associated with changes in alr guality?

¥ U.S.EPA’s Environmental Benefits
Mapping and Analysis Program -
Community Edition (BenMAP - CE)

— Free and open-source program that
allows users to use data supplied by
EPA or their own data to estimate the
health and economic benefits of
various air quality scenarios

— Available at:
https://www.epa.govibenmap

50
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Dieriving a Health Impact Function from
the Epldemiclogy Literature

Epidemiology study

Incidence
(log scale)

Ln(y) = Ln(B) + B(PM)

PM concentration

Health impact function M

AY =Yo (l-e FAPM * Pop

YO: Baseline Incidence

ﬁ: Effect estimate

AP M: Air quality change

POP: Exposed population

Rather simple algebraic equation is used to estimate the impact of some change in AQ.
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Very simplistic example of the relationship between air pollution and some health outcome that is depicted in an epidemiologic

Using the beta coefficient which is the main result from an epidemiologic study and represents the slope of the line depicted in
the graph, along with other information including the baseline incidence rate for the health outcome of interest, population
data that matches the epidemiologic study, and some chage in air quality it is possible to estimate the air pollutant attributable
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Example Beneflits: 201 | Policy Reducing
Emissions from Power Plants in U.S,
Summary of health impacts Monetized health and
avoided welfare benefits®

P c-related mortality 14000
(Pope et al. 2007) (4,000-—25,000) Human health®
PM, s-related mortality 36,000 Pope et al. 2002 PM, ; and $120
(Laden et al. 2006) (17,000—56,000) Bell et al. 2004 O, mortality ($10—$360)
O related mortality 50 estimates
(Bell et al 2004) (17—84) Laden &t al 2006 PM, . and $950
O,-related mortality 230 Levy et al. 005 O, ($26-—$840)
(LEV)/ etal 2005) (|60—300) mortahty estimates

Visibili $3.6

, . 9,200 o
PML crelated chionic Bronchitis (320__18.000) il
PM, s-related non-fatal heart 22.000 Pope et al. 2002 PM, , and Bell %120
attacks (5,800—39,000) et al. 2004 O, mortality ($10—$360)
PML. and Oy related fespiratory 4,200 estimates
hospitalizations (1,500-6,700) Laden et al. 2006 PM, , and $290
PM, : and O, related emergency 14,000 Levy et ol 2005 O. martality {$26-—3850)
department visits {7.200—21,000) estimates
A All values rounded to two significant figures

B Discountedat 3%

This slide highlights the fact that benefits from air pollution regulations are not small and can be rather substantial.

ED_012964_00018003-00052



yent are interrelate

Risk Risk
Assessment Management

SCIENCE POLICY

Risk assessors and risk managers need to have a good sense of when a
decision is scientific judgment versus when it is a podicy decision informed by
science.

* QOpinions vary on how separated risk assessment and risk management should
be.

The most current frameworks recommend an iferative process,

* Transparency is key.
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sk Management Decision
Framewori

Scientific Factors
(Risk Assessment)

. " Economic
Planning and Scoping Factors
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Source: EPA’s Risk Characterization Handboock (2000) Factors

Technological
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® Epidemiologic studies provide important information for all components of
risk assessment and regulatory decision making

# Exposure assessment approaches in some epidemiology studies enable their
use in derivation of toxicity values

® Associations in epidemiologic studies given greater weight when chance, bias,
and confounding are minimized

— Assess in individual studies

— Assess in a collection of studies

. il

EPA has been a leader in the environmental risk assessment field since it was established in 1970.

A basic paradigm (with associated terminology and concepts) guides the application of risk assessment principles, but
Terms can vary by context.

Processes continue to evolve,

ORD products and guidance are crucial for EPA risk assessments.
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Extra slides
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as a dose or concentration) at or below which adverse

mglkg-day mg/L, mgl/kg, or mg/im3
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elerence Values: Levels of
nforceability

xposdre Standards Exposure Guidelines

Relatively few Numerous

Mandated by statute and legally Not legally enforceable

enforceable

Rigid development process Flexible development process
Developed by government Developed by many types of
agencies specified in statutes entities

Intended to protect health and the
environment, but balances other
considerations

. il

Intended to protect human health
and the environment

Reference Values: Levels of Enforceability

Not all limits to chemical exposure or environmental contamination that are derived from the risk assessment process are
legally enforceable. In fact, most are simply recommended limits to human exposure, with relatively few limits mandated by a
regulatory statute.

Regulatory Standards, as we've discussed, are developed to set legal limits for exposures to ensure “safe” levels for the general
public or a subpopulation, but they are not completely health-based. For example, when considering alternative actions for a
proposed programmatic rule, agencies generally consider human health risks across the alternatives in addition to other
factors (e.g., socioeconomic impacts, environmental justice, available control technologies).

There are considerably fewer regulatory standards than non-enforceable guidelines. This generally occurs because:

there is a complex legal process for the development of a standard;

standards are less adaptable to specific scenarios than guidelines, largely because many other factors must be woven into the
final standard; and

a statute specifies the agency required to develop the regulations, so only the specified entities cannot develop the standard.
The takeaway message is that legally enforceable standards balance health effects with a range of other considerations to
establish what is termed an "acceptable” risk level.

Guidelines are developed specifically to protect human health or the environment based solely on toxicological data. Although
they are not legally enforceable, these reference values sometimes represent levels that a federal or state entity is prepared to
regulate, if necessary. As a result, guidelines are often the health-based starting point for developing regulatory standards.
There are many more recommended exposure guidelines than regulatory standards. This generally occurs because:

exposure guidelines can be adapted to specific scenarios (e.g., duration, population, exposure media) to be protective of
human health in these specific scenarios;

they can be developed by entities that are non-regulatory - that is, government offices not mandated to carry out a statute;
state, local, and tribal governments; not-for-profit organizations); and

they do not need to be adapted to consider economic, engineering, or regulatory limitations to achieve the recommended dose
or exposure limit, which differs from regulatory standards.

The take-away message is that these values are health-based values that can be derived by any entity using only toxicological
data as the basis for the recommended level.

0 Pose this question to the participants: Now that we've gone over the criteria for what defines a standard, are there any
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values that we brought up in our class discussion that you now believe not to be standards?
0 Onthe nextslide is a list of the major regulatory standards developed by the Federal Government that set legal limits to
chemical exposure. Let’s see how many we identified in our class discussion.
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xample Standards

Air National Ambient Air 6 Criteria Pollutants in ambient | EPA, as mandated by the
Quality Standards air (PM, Ozone, 5O,, NO,, CO, | Clean Air Act
(NAAQS) Lead)
Permissible Exposure ~500 contaminants in OSHA, as mandated by the
Limits (PELs) workplace air Occupational Safety and
Health Act
Woater Maximum Contaminant 90 chemical, microbiological, EPA, as mandated by the
Levels (MCLs) radiological, and physical Safe Drinking Water Act
contaminants in drinking water
Food Maximum Residue Limits | Hundreds of pesticide EPA, as mandated by the
(MRLs) chemicals in food and feed Federal Food, Drug, and
commodities Cosmetics Act, as amended

by the Food Quality
Protection Act

. il

Although this table is not an exhaustive list of exposure standards developed by federal agencies, it is a large subset,
demonstrating just how infrequently major exposure standards are developed.

To briefly review what is on the slide, these four standards are some of the most well-known and widely applied standards in
the United States.

National Ambient Air Quality Standards, or NAAQS, have been developed for only 6 principal pollutants (called criteria
pollutants) in ambient air.

Permissible Exposure Levels, or PELs, on the other hand, have been developed for over 500 contaminants in workplace air.
Maximum Contaminant Levels, or MCLs, have been developed for 90 contaminants in drinking water, but this does not apply to
surface water, which we will also discuss later in this course.

Notice that no standards have been set for soil - due in part to the difficulty of establishing a standard for such a complex and
variable medium.

Last on this list, Maximum Residue Limits, or MRLs, are “tolerances” set for pesticide residues in food. Over 450 pesticides have
been assigned tolerances or tolerance exemptions.

Notice on this slide that most of these exposure standards have been developed by the U.S. Environmental Protection Agency,
with one developed by the U.S. Department of Labor's Occupational Safety and Health Administration. As we discussed in the
previous slide, only federal, state, or tribal governments can pass legally enforceable standards.
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We started this course with a discussion of legally enforceable standards to establish a context for human health and ecological
reference values using well-known examples. We'll now depart from the discussion of standards and focus on reference values
as a whole, including

More detailed discussion on entities that derive them and why

What information is needed to develop a reference value, and

How these values can be applied.

As you can see, a number of federal agencies other than EPA and OSHA, as well as state agencies, do develop reference values;
however, most are recommended limits to exposure, rather than legal standards. Scientific Organizations not associated with a
government agency can also develop reference values as recommended limits to exposure. For example,

The American Conference of Governmental Industrial Hygienists, or ACGIH, is a not-for-profit scientific association that
develops human health reference values to enable industrial hygienists to make decisions regarding the relative safety of
exposure to various chemical substances and physical agents found in the workplace.

Because so many organizations develop reference values, there is a need to centralize and prioritize these values for risk
assessment and management purposes.
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ssible Exposure

Exposure Route
Inhalation

Exposure Medium
Air

Exposure Duration Potentially Exposed Population

Exposure Context

Finally, an exposure context ties together the exposure medium, route, duration, and potentially exposed population to define
the circumstances in which it is most appropriate for the reference value to be applied.

For example, OSHA PELs, which we introduced earlier as legally enforceable standards, are developed to protect workers
against the health effects of exposure to hazardous substances in the workplace. So that these reference values can be used
for evaluation and control purposes within this context, they were developed to incorporate the most applicable exposure
specifications.

In this case, the most appropriate medium was determined to be air (although a skin designation is often provided for direct
dermal contact with a chemical). The most appropriate exposure routes were therefore determined to be through inhalation of
airborne particles or dermal uptake of substances on the skin. The most appropriate exposure duration was assumed to be a
normal 8-hour workday in a normal 40-hour workweek, for which the exposure concentration is averaged over each 8-hour day.
And because of the occupational setting, the potentially exposed population of interest is the healthy adult workers that would
be present in the workplace over a 40-hr workweek.

Though we'll discuss the application of such reference values in more detail later in this course, the ability of risk assessors to
tailor reference values to specific situations allows risk managers and decisionmakers to implement appropriate strategies to
reduce or avoid exposures to harmful substances. In the case of PELs, these reference values are used to select appropriate
control technologies and to engineer harmful substances out of a process, if possible, and if not, to provide the most
appropriate level of personal protective and ventilation equipment.
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Ewample #1: National Epidemiclogical and
Environmental Assessmaent of Beoreational
Water (NEEAR) Study

Goal was to evaluate associations between swimming-associated iliness and novel, faster
indicator methods to measure water quality

Measured illness occurrence by questionnaire
Collected and tested water samples the day of study

Updated definition of Gl illness (no fever required)

NEEAR study locations

&

Located with nearby treated sewage discharges (Highest risk, best sites to develop
associations with iliness)

— 2003-2004 sites - temperate freshwater
4 beach sites on the Great Lakes

— 2005-2007 sites - temperate marine studies
3 beach sites: Alabama, Rhode Island, Mississippi

2009 sites: “Tropical” (Puerto Rico) beach with nearby treated sewage discharges

S

“Runoff” (South Carolina) (no known sewage discharges)

. il
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2012 Reoreation Water Quality Criteria
{Recommendations)

Table 4. Recommended 2082 RWOC,

Estimrted mess Rate (NG Esgimated Yiinegs Bate {NGE):
36 pes LU primary contact 32 por 1880 primasy conlact
{riteria TECFesters reEreatnry
Elements Muagsitids Magnitade
it ¥ i STV

Indicatos fefo/100 mi ¥ OR | fofu 100 mL fefud B mL

andd fresh 33 130 38 i1
OR

£ e

- fresh 26 l
BDuretion and Freguesey: The

4

00
L should sed be grenter th

{1000 svimmers

ERltaiy
Figure 4. NEEAR marine and fresh wuter saltgse-baved enterocave and tlness rage data

agpregated by dsys of simsilar water guality.

. Figuer 5. Adjusted odds ratios of G ilness for swimming shave specific cut-points in
Appreak & NEEAR mariue #n6 fresh water dindy stiee.

L il

Based on this analysis and results illustrating the consistency between the culturable NEEAR epidemiological data to the 1986
fresh water studies, the corresponding mean estimate of illness associated with the 2012 RWQC recommendations is
approximately 27 to 36 cases of NGI per 1,000 primary contact recreators for both marine and fresh water (Figures 3 and 4)

The odds ratios for swimming-associated Gl iliness are statistically significant (that is, p < 0.05) at enterococci densities of 30 cfu
per 100 mL and 35 cfu per 100 mL. None of the other individual cut-points exhibited odds ratios that were statistically significant
{lower 95% Cl values are less than one in all other cases). These results indicate that the illness rates for swimming in waters with
GMs in the narrow range of 30 to 35 cfu per 100 mL were significantly greater than the illness rates for swimming in waters with
GMs below those levels. Similar illness rate changes are not seen outside this range. Culturable Enterococcus conclusion Taken
together, the set of approaches described above provide lines of evidence to support the recommendation of a GM criterion
value of 30 or 35 cfu per 100 mL. These approaches also provide evidence that the recommended RWQC are similarly protective
of the designated use of primary contact recreation in both marine and fresh water. EPA is presenting two sets of criteria
{consisting of a GM and related STV) associated with two different illness rates. EPA recommends that states make a risk
management decision to choose one or the other set.

NEEAR study was primary study in which set wq criteria recommendations- however several other epidemiological studies were
considered in the determination.
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B

Provides qualitative and quantitative health information on chronic exposures to

specific chemicals
IRIS database contains toxicological assessments of over 500 chemicals found in the

B

environment

DOSE-RESPONSE

SRR RN

HAZARD ASSESSMENT .
IDENTIFICATION Characterize expostre-response -
Which effects are " relationships : ISK
credibly associated Account for high-to-low-dose, HARACTERIZATION
with the agent? animal-te-human, route-to- RISK

tegrate HAZARD, MANAGEMENT

route, and other differences OSE-RESPONSE, and

Develop, analyze,
compare options

Select appropriate
response

XPOSURE ASSESSMENT

ow do people come in contact
with the agent?
ow much are they exposed to?

: s
3 &
S

SOCIAL
ECONOMIC
TECHNICALS

Ll

The Integrated Risk Information System, or IRIS, is a human health assessment program that evaluates hazards that may result
from lifetime exposure to environmental contaminants. IRIS toxicological assessments use health evidence both quantitatively
and qualitatively to evaluate chronic exposures to more than 500 different chemicals found in the environment. You may have
noticed that I said “toxicological” assessments. Often, the bulk of health evidence for IRIS chemicals comes from toxicological
studies, though evidence from epidemiologic studies is integrated into IRIS assessments when available. **CHANGE TO PFAS

EXAMPLE
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ystematic Literature

Source: U.S. EPA Systematic Review Protacol for
the PEBA;: PPHxA, PFHxS, PFNA, and PFDA
{anionic and acid forms) IRIS Assessments

Litarature Searches {through 2018}

e

TITLE AND ABSTRACT SUREEN

Tithe & Sdodrant Sorwening
S rasards after Suphiorts remsend}

FLILL TEXT BORE]
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g st wtadn shalh
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® Considerations for epidemiology data

Temporal relationship (exposure precedes disease)

Consistency across studies

Strength of association (considering units of exposure)
— Exposure-response relationship

® Considerations drawing in other data

— Plausibility and coherence

* Considerations of low utility

— Specificity (single cause, single effect)
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Evaluating Individual Studies:
. inadeguate Exposure-Response

® Many epidemiology studies provide little or no information about exposure-
response relation

— “Ever-never” exposures; limited range of exposures

— Duration may be a weak proxy for total exposure if exposure changes
(decreases) over time

*  Absence of exposure-response analysis does not invalidate the study, and does
not negate its usefulness in the hazard identification phase of risk assessment

HSR 101
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HSR 101

Evaluating Exposure-
from Individual Studies

esponse wata

¢ Effect of non-differential
exposure misclassification
on exposure-response
curve

* Non-linear patterns of
increasing exposure-
response often seen

StaynerL. et al. Scand J Work Environment Health. 2003; 29: 317-324.

L

ion of exg e-resp curves in pational cohort studies at high exposure levels.

P
o .
L s
/”‘/‘ﬂ;;wd""‘m
. T T
;. o
o et e
s ft;;,:*" .
= BN
az R
o
It Ao
'
0..
i H 1 ) i v
€ 200 408 2 aai 1060

Exposure

Figure 3. Results from a simulation study of the eifect of random
misclassification of exposures on a true near exposure reletionship.

Ll
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uantitative Synthesis Procedures?

Types of procedures

* Meta-analysis
* Pooled analysis
*= Meta-regression

fisiolrae el Rl 202

il Rl 2005

O 165% £

g

R (5% O

Wonlght %
154

30

Pk

L

Source: McGwin et al. {2010) Enviren Health Perspect 118:313-317.

Advantages

&

[ ]

Disadvantages

]

[ ]

Can gain precision

Can evaluate effects of
different aspects of study
design

Feasibility
Exclusions (based on type,

access to data) may affect
results

Marginal cost may be high,
marginal gain may be low

Meta-analysis: A general term to denote the collection of statistical methods and techniques used to aggregate/synthesize and

compare the results from several related studies in a systematic manner.

Meta-regression: Regress the observed effect sizes on one or multiple study characteristics.
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Examples of using evidence guantitatively
to inform 2 causal determination

105
— — Log-lnear model
e Peak blood lead 2 10 pg/di
100 1, L
\ Nonlinear association
o 95 ™ between blood Pb level
- "x.:i‘;w-ﬁmm and cognitive function
' e . in children
30 o
gh ! f | !
{ H 20 a0 40 A

Concurrent blood lead {Lg/dL}

Source: Lanphear et al. (2005}

. il

Here we can see how the results of epidemiologic studies can be used quantitatively, in this case to characterize the non-linear
concentration-response function for blood lead level and cognitive function in children. We can see that the steepest declines
in IQ occur at the lowest blood Pb concentrations (<10 ug/dl) and that the slope is less steep when blood lead levels are >10
ug/dl.
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Example: Alr pollution and mortality

*  Environmental epidemiology example
— Association between environmental The New England
exposure (air pollution) and a health ]ournal of Medicine
outcome (morta“ty) in the Us ECopyright, 1993. by the Massachusets Matiea! Socisty
5 Vedume 329 DECEMEER 2, 1992 Nunber 24

Prospective cohort

AN ASSOCIATION BETWEEN AIR POLLUTION AND MORSALYEY IN SIX U.S. CYTYES
Datoras W. 53

— 8,111 adults in 6 US cities Jorus . 8

Abstrsct Background.  Hecent studies have reportad  iather dsk fardors, we ohisarved siatiatically significant and

xeav. Suf., C. Ao Pors £, Paf, Xivme X, M5, D,
61 D, Jaxsra . Warr, PaD, Magcus E. Fav, M.PJ,
s, fr., MDD, ann Feavz E Srsrzen, MUD,

— ‘A’ - 1 aseociations between pariculate g pottdion ond disity fobuet assoviations betwswa air polfudion ant mortatity.
Foliowed for 14-16 Years or until motaty iaes. Poputaton basxd, cross-sactiondd studieh  The scusted moaity e rallo fo 16 1ot padhaee of

of ; the United senfound o3 i W the 126(95

death sseociations netwren marbcubss st poRuson ord arnudd  pervent onfidence Intercer, 1.08 10 1.47), Al padion

oAty raes, but theos shudies have been orticized, D was pasifivery associated with death from Ring cancar end
pant becsuss they di nof dranty oodfrot tor cigwstis  ardiepulmonary dsease but not with doath froan othor

— Time-series data structure
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ir pollution and mortality

Results

Table 2. Acjusied Monaily-Rate Rabios Fatimted from Sox
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— Really an important study that has greatly contributed to current air quality

standards in the US
* Not the only one!

Table 4. Estimalad Mortality-Rate Ratios for the Most Pelluted
City as CGompared with the Least Polluted City, with Fine Panticies
Used as the indicator of Air Poliution, in Salectsed Models.*
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Example-

s siticte

A Serricr -t HTME verston of 1
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Cardiopulmonary Effects of Fine Particulate Matter Exposure among Olbder Adults,
during Wildfire and Non-Wildfire Periods, in the United States 2008-2610
Stephonie DeFlovio-Burker, Panes Croaks > Jounette Reves, ¥ gud Ana U5 Rappokl

i Deaplopenent, 1.8, Cavieomoentsd Protection Ageacy, Bessarch
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diires and Hospitalizations
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Example- Wildlires and Hospitalizations

Hospitalizations among

— Respiratory: 1,032,268
— Asthma, Bronchitis, or Wheezing: 82,463
— Cardiovascular: 2,558,602

Estimated exposure to wildfire smoke

Estimated excess risk of cardiovascular, asthma/bronchitis/wheezing, and
respiratory hospitalizations

Results

— Respiratory hospitalizations: 1.08% (0.28, 1.89) increase on days exposed

to smoke

— Asthmal/bronchitis/wheezing hospitalizations 6.90% (3.71, 10.11) increase
on days exposed to smoke

— Cardiovascular hospitalizations: 0.6 1% (0.09, 1.14) increase on days

exposed to smoke

Medicare population 65+,
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Lverview of Integrated Risk Information
System (IRIS) study evaluation process.
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Source: U.S:EPA Systematic Review Protocal for the PEBA, PEHxA, PEHxS; PENA; and PEDA {anionic and-acid formsy RIS Assessments
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AY =Yo (l-e BAPM] * pgp

Pollutant change Population

L

Baseline incidence

5>

Effect
estimate

Health
impact

In the previous slide we defined the general health impact function, but how do you then take that and calculate the health
impacts? The first step is identifying some spatial domain over which you want to estimate the health impacts.

Using either modeled or monitored air quality data you would identify the pollutant change of interest.
For that same spatial domain, obtain population data as well as baseline incidence data for the health effect being examined.
Lastly, the effect estimate from the epidemiology study is used to calculate the health impact.

To ensure the proper calculation of the health impact the population and baseline incidence data needs to match the
characteristics of the study that the effect estimate is derived from. For example, if the epidemiology study only consists of
people over the age of 25 and focuses on mortality then the population and baseline incidence data should match.
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pact Functions

* BenMAP-CE contains over a 100 health - B APMY %
impact functions for the U.S. and China AY _Y" (- ] ) * Pop

* Users can download EPA’s default
functions for PM,

— EPA’s previous functions for NO,, SO,,
and lead are also available
*  Users can add and edit their own health
impact functions using the function
editor

BenMAP-CE’s Health Impact
Function Editor

79
i il

Avg time (8 hr max, 1 hour max, 2 hour max). Ensuring we have the proper pop and incidence data.
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